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Overall Conclusions

Code restructuring provides the first-order effects
loop transformations
locality

request coalescing

Complex /0 interfaces less important

loop transformations can eliminate complex patterns

Knewledge about future | /Q often available
loop splitting is a key operation

Careful scheduling needed on peer-peer systems
conflict between computation and 1/0



Our Applications

Satellite data processing:
pathfinder — current in preduction use at NASA Goddard
primary program for AVHRR processing
representative of a large class

gimms, SeaWIFS, LAS/ADAPS, MODIS

Sparse Cholesky factorization:
out-of-core

partitioner and factor

symmetric positive-definite



Our Configuration

16- processor IBM 5P-2

Twe SCS51-2 chains per processor

three IBM Starfire 7200 disks per chain

Max application-level | /O bandwidth
using raw disk interface: 25MB /s per node (total: 400 MB/s)
using filesys interface: 16.8 MB /s per node (total: 27 MB/s)

measured using muli-disk version of iozone

High-speed interconnect
40 MB/s bidirectional link per processor
can be mapped into user-space

max b/w measured with 128 KB messages: 32 MB/s

Disks and networks share peripherals bus
80 MB /s



Pathfinder

Input:
satellite data fram multiple orbits, ancillary data
1 GB for one day

Qutput:
compuosite twelve-band image of the world

total vol: 220 MB

Intermediate image:

out-of-core, total 1/0 vol: 28 GB

Qriginal sequential code:
took 18,800 sec on RS/6000
76% time waiting for 1/0

Final parallel version on 12 processors
took 1200 sec on 5P-2
10-15% time waiting for 1/0
max aggregate application-level | /Q rate: 644 MB/s
max end-to-end | /O bandwidth — 26 MB/s
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Code restructuring needed for Pathfinder

Read input in large blocks
used to read 3.5 KB [one scan line) at a time
hewy reads 512 KB at a time

Loop splitting
needed for out-of-core read- maodify-write

pre-compute bounding box

Loop reardering
hoist 1/0 to outer loop

coalesce small 1 /0 requests

Place out-of-core files on local disks
no conflicts for file-cache
local disk bandwidth 7 MB/s
non-lecal disk bandwidth < 5.7 MB/s

Place input and output files on 1/0 nodes
small fraction of 1/0 volume (< 10%)
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Knowledge about future I/0O (Pathfinder)

Input data partitioned at start-up time
processors subsample input data to buoild partition
essentially loop splitting
complete future knowledge about input available

pattition is irregular

Intermediate |/0Q & data-dependent
bounding box for updates computed by loop splitting
same bounding box needed for twelve read-madify-writes
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Sparse Cholesky Factorization

partitioner computes filf-in & distributes data

partitioner input :
takes output from symbolic factorization as input
non-zeroes and structure of original matrix

sparsity structure of the factor

factor:
order of operations known (elimination-tree)
pre-fetching of local and non-local data

caching of data to be re-used

Partitioner |/Q | Factorization /0

Matrix| N | Al Read | Write Read Write

skirt |45361 | 1.3%10% | 381 403 20,200 377
sara-1 |44856 (2.6 «10%| 488 | 534 | 49000 | 509
sara-2 |80651 |29 x10%| 301 | 1,839 |220,80Q| 838

Application I/0 volumes are in MB



LB 1% | - - D 2

€LT CIST |L66L 79 | STOL €9L [-=8ms

LT 9T |TWUL 98 | 9¥8 Vb  HOB
UM PeTy [ SIUAA Py | SIAA PRIy XIOEA
SPOUg] Spoug =Py

SIHIN PANS22,, UL BIEP [[E »

J0)o%, XINBIJN 7-dS

SIBI (/] JIBTAITIY




g1 L6C e0L F¥9L ¥9L ICF §C 96F F0C CEES
g1 Ocv 901 L8L 567 981 6 65 L [BES
Ir 08t 801 L6L S85¥ 0c¥ 66 ¥Fo6L I¥rl DS

M ePd  [-PY M Py [P M ¢ Pd  T-PH BlED

s10889201d 9T s108s82001d § s108%3001d +

S[HIN (PALRPRH=,, ULEIEP [[E

Jauonnied 10 sa1vl (/] 2IB3I3TY

IUONDIR] 7-dS




9 Z-DUDS j-DADS 141y

¥ 21

21 B8 ¥ 21 B B ¥
T T T - T - T - T l T . T -
dwon @
on B

T 005

T 0001

T 0051

T 0002

T 0052

QooE

SPUODS Ul 2JB SAWITL [[V »

IouonNnNIeJ I0J QUL UONNIIXH




O O
dugy W
oy O

Z-DUDs
Al

21

J-DADS
B

143

- Q00

T ] B ¥
“ D “ “ a
— — I T 0002

- 0003

T 0008

T Q0aal

T Q0aZl

Q00+

SPUODS Ul 2JE SAUILL. [[V

10]9EH JOJ SUWI ] UONNIaX'y




Code structuring for Factor

Peer-peer configuration

data distributed aver all processors

Balance /0, communication and computation
async 1/0 and communication

computation and 1/ 0O are co-routines

Server-push model of 1/0
no requests, wait for non-local data
elimination-tree used to prefetch local and non-lecal data

subject to memory and time-to-use constraints

L1
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Code restructuring in literature

Crandall et al, 5C'95:
REMDER — uses large asynchronous reads for input
each processor reads back what it wrote

Hartree-Fock — needs locally stored pre-computed integrals

NAS Newsletter vol 2, Num 11 (Charbel Farhat):
direct dense solver 100,000 unknowns
total 1/0 1.54 TB
| /O waiting time: 65 mins (total time: 21.5 hours)
data partitioned for locality
new partial pivoting strategy

Toledo & Gustafson, IQPADS'06:
215 MFLOPS /s, 1/O < 16% of execution time

pipelining policies to overlap 1/0Q and computation

new algorithms

Ll



Knowledge about future I/0

Similar experiences reperted by Patterson et al [SOSPS5]
unipracessor applications
Hartree-Fock, XDataSlice, Sphinx, agrep, Postgres, gnuld
loop splitting was the key

RENDER: Crandall et al, 5C85
Qut-of-core FFT: Sweei & Wison U of Uolorade of Denver

Parallel PIC Simulation of Plasma: Willtams & Dimiis

National Energy Research Supercomputer Center
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Scheduling on peer-peer systems

Need contral aver scheduling 1/0
priority to computation: /O backup
prievity to | /O: computation and message backup
backup propagates

pathfinder vsed pre-emptive threads with polling
occasional message takes forever

did not achieve good performance an peer-peet

factor used oo-routines with polling and server-push
size of supernades varies, occasional is very long
results in long wait for nonlocal data

idle time propagates

Information about future 1/Q helps
factor was able to achieve decent performance

server-push needs pacing to avoid flooding clients

L3
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